Abstract-The increasing penetration of generation power plants based on renewable energies in the electrical networks has boosted the number of systems connected to the grid. In this scenario the microgrid, providing advanced functionalities to improve the stability and operation of the network, have become very popular. In this paper a control strategy for the microgrid management is presented. The proposed system improves the performance of microgrids and its interaction with the main network, or another microgrid, under grid voltage transients. This technique gives rise to a simple and robust control scheme to ensure the appropriate microgrid disconnection from the main grid. In the following the control algorithm for the intelligent connection agent will be shown, and the grid synchronization system, as well as the voltage and current control loops will be detailed. Finally simulation results obtained using the MATLAB/Simulink & Psim platform will be presented and discussed
INTRODUCTION
The increasing penetration of renewable energy sources is giving rise to a challenging scenario in the electrical power systems, where the integration of such energy sources must be combined with an ever increasing demand for electrical energy.
Classical power systems structure is characterized by large energy generators and loads connected by radial transmission systems. Over the last years, the great increase of renewable energy sources, among others, has contributed to change this structure that is moving towards a distributed power generation system, where meshed networks connect multiple low scale producers and consumers.
The integration of Distributed Generation is increasing significantly in the last years, mainly, due to the integration of photovoltaic and wind power plant in medium and low voltage grids. Lately, storage energy systems are being integrated into the electrical grid with the aim of improving stability and quality service. In this respect, the short and long term energy storage units can play a major role in the control and operation of microgrids.
The growth of renewable energy system has launched the connection in parallel of voltage source inverters in small isolated grids of photovoltaic generation, batteries and fuel cells, for example. Actually, the same VSI inverters are used to control of weak networks.
In island grids, is usual the use of renewable sources and other small scale distributed generators equipped with voltage source inverter. Similarly, in Uninterruptible Power Supplies (UPS) applications, parallel redundant inverters are used to increase the reliability of the electrical network. In a near future, a lot of distributed generators with dc-ac converters will feed the utility networks, so a good performance of those under any electric grid station must be guaranteed.
One of the essential issues in the integration of renewable energies in distributed generation systems is the parallelization of voltage source inverters in islanding applications. This issue was initially tackled in applications related to Uninterruptible Power Supply UPS, where a redundant power source had to feed critical loads Conventional supervisory control algorithms are focused on achieving an instantaneous shut down of any power source affected by critical contingencies in order to prevent any case of islanding situation [1] - [2] . In the case of wind power systems, this philosophy changed some years ago, being the wind farms required to ride through transient faults and support the grid under such adverse conditions [3] .
Operation of grid connected photovoltaic and wind power systems in intentional island mode under grid fault conditions might be used for improving both the network stability and the energy supply. In this way, development and improvement of island mode detection algorithms is a essential issue [4] . Moreover, the conventional operational of microgrids during grid faults will change as well.
There are several references in the literature dealing with connection and disconnection of microgrids from the main electrical network For instance, the implementation of an intelligent and autonomous switch, is presented in [5] . This system is based on monitoring the operating conditions of both the microgrid and the main network and, depending on the status of the main network, the microgrid connection or disconnection procedure is triggered. The transition between these two operation modes should be as transparent as possible, from the point of view of the loads, in order to guarantee the maximum possible quality in supplying the loads connected to the microgrid. In this paper a solution for transient and steady-stage control from grid connected to islanded microgrids will be proposed. In the scope of the paper, a primary control method is presented to achieve a fast transient and a good operability both in grid connected mode and island mode. This strategy presented in the paper is evaluated through simulations.
II. MICROGRID OPERATION MODE
In this section the two main operation modes of a microgrid, grid connected and islanded mode, are explained. The intelligent connection agent (ICA) is responsible of switching to the most appropriate operation mode. However, this decision depends mainly on the network voltage conditions. Fig. 1 shows the utility and the microgrid considered in the purpose of this paper. In this case, the microgrid consists of the ICA and different loads. As shown in Fig.1 , the ICA is formed by a VSI, that takes charge of processing the energy delivered/stored by the microgrid, and a controlled switch (S i ), which physically connects the microgrid to the main grid.
A. Grid Connected Mode
This will be the usual mode, in which the main objective of the intelligent connection agent is to track the grid voltage.
In this mode, all the loads in the microgrid are being fed by the main grid or other power sources linked to the microgrid. Under these operating conditions, in case of having an ICA with a dc bus made by batteries, these would be charged from the grid if necessary.
In the grid connected mode, the control loop acts as a voltage and frequency follower and feeds, or draws, the necessary active and reactive power to collaborate in maintaining the voltage and frequency values within limits set in the grid codes. An example of this application are the socalled grid-supporting inverters, which are designed to flexibly support the voltage and/or frequency of either a stand-alone or a interconnected grid, as shown in [6] .
B. Islanding Mode
When a grid fault occurs, and it is detected, the VSI changes to work in islanding mode and the switch S i , in Fig. 1 , remains opened. The microgrid VSI comes to act as a grid-forming and the energy is provided from an external dc source, that could be either a battery or another dc source. In this mode, the microgrid could be composed by other sources, for example, a current source inverter supplied PV pannels. In this case, the VSI supplies or stores the necessary amount of energy to maintain the microgrid energy balance and keep frequency and voltage within the tolerance limits.
In the island mode, the control of the VSI is designed to act as a grid forming element, with the objective of setting the grid voltage amplitude, frequency and phase. The main difference in the control scheme between the island and grid connected modes lies on the fact that in the island mode there is not any ac voltage available for starting the VSI voltage reference. Thus, the VSI himself generates the ac voltage of the microgrid. This voltage is sensed and supplied to the VSI controller as the main feedback signal. In the control scheme presented in this paper, a "sample and hold" block is used to retain the grid voltage just before the grid fault is detected and the island operation mode is triggered. This 'frozen' voltage will set the initial setpoint of the grid forming VSI when operating in island mode.
C. Transient Operating Mode
Under deficient grid voltage conditions, the main switch (S i ) is turned off and disconnects the microgrid from the utility. This transient should be as fast as possible in order to ensure that the load on the microgrid do not experiment any significant transient while the power flow is maintained.
In a similar way to the connection of the islanding mode, another transient state arouses when the microgrid should reconnect to the network when operating as an island. Before reclosing the main switch S i , the ICA should synchronize the phase-angle and the magnitude of the microgrid voltage with the voltage of the utility network. Once the microgrid is linked to the main network, the VSI of the ICA changes its operation mode to the grid-connected mode.
III. CONTROL OF THE INTELLIGENT CONTROL AGENT
In this section the control of the ICA will be discussed when it is acting as either a voltage follower or a voltage former. In the first case the main objective of the controller is to track the voltage of the mains, while in the second case voltage-forming is intended.
A. Phase-Locked Loop (PLL)
One of the most important aspects to besolved before connecting any generation system to the utility is to perform an accurate synchronization with the network voltage. In this work, a synchronization system based on a phase locked loop (PLL) has been implemented. The objective of this PLL is to obtain the phase angle ( ) of the three-phase ac grid voltage vector, which is expressed on a synchronous dq reference frame.
The accurate estimation of this phase-angle allows both transforming the feedback variables into a synchronous reference frame, very suitable for control purposes of ac systems, and calculating and controlling the active/reactive power flow.
The PLL used in this paper has been extracted from [7] , [8] and [9] , and a slightly modified version it is shown in Fig.2 . As it can be deduced from this figure, the three-phase grid voltage is transformed using the Clark transformation to the α-β reference frame and then the Park transformation is applied. This last transformation translates the α-β variables ac to a synchronous dq reference frame. This last step permits using conventional dc integrators to detect the phase-angle of the input voltage vector. As shown in Fig. 2 , the quadrature component resulting from this synchronous transformation (v q ) is conducted to zero by using a PI controller. The output of this PI controller, added to a feedforward term representing the rated value of the grid frequency, is the rotating frequency of the synchronous reference frame. Integration of this frequency results in the phase-angle of the synchronous reference frame (). When the PLL is perfectly synchronized, v q is equal to zero, which means that the phase-angle of the synchronous reference frame matches the phase-angle of the input voltage vector.
The dynamic of the PI controller determines the performance of the PLL. Therefore, the bandwidth of the system is a tradeoff between the PI filtering performance and the time response. So, it is important remember that this parameters of the loop, k P and k I constants of the PI controller has an influence both on the detection quality of the  phaseangle and on the PLL dynamics. In this paper, slow PLL dynamics has been choosed to attenuate the effect of the voltage harmonics on the grid synchronization process. However, if the synchronization algorithm would be used to detect grid faults, the system dynamics had to be increased
B. Current and Voltage Control Loops
The current and voltage control diagram of the IAC is shown in Fig.3 . As it can be deduced from the figure, fthe voltage and the current control loops have been implemented using PI controllers working on the d-q synchronous reference frame. An inner current control loop is formed around the filter inductor, and it is designed to have a very fast response. Moreover, an outer voltage control loop is in charge of tracking the grid voltage. The dynamics of this outer voltage loop is slower than the one for the current loop. This grid-follower control works as an active observer of the main grid and it is also responsible of maintaining the voltage reference when the ac bus of the microgrid is disconnected from the utility.
C. Virtual Impedance Method
The impedance has a considerable effect on the power sharing accuracy the active and reactive droop method when two or more grid-feeding converters are connected in parallel. The line impedance is virtually modified with the virtual 
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The virtual impedance, Z V , can be considered as a control variable and its value must be set in concordance with the nominal power of each inverter. This modification of voltage reference as a function of output current and the output has an electric meaning. This is shown in Fig. 4 and its implementation in the control loop using a PI voltage controller is shown in Fig. 3 . In this system, the virtual impedance is implemented in the PI controller with future aim to increase the number of grid-feeding inverters.
It is also very important mention that no losses are actually associated to this impedance due its virtual nature, so it is possible imitate the behavior of the resistance without compromising the efficiency of the system overall.
IV. SIMULATION RESULTS
The performance of the proposed control has been simulated. The VSI, shown in Fig. 1 and Fig. 3 , has been simulated with the complete control system. Considering the diagram of Fig. 1 , the loads are considered to be passive and with a linear behavior. The simulated system is composed by the utility grid, with the line impedance and an active switch governed by the supervisor control. This switch is used to connect, or disconnect, the microgrid to the main grid. This ac bus is also responsible of feeding the loads. In this case the load is purely resistive.
In this simulation the system operates in a grid-connected mode and the load is fully fed by the grid, while the VSI only tracks the grid voltage. Then, at t = 1.005 s, an ideal and symmetrical voltage dip of 95% is applied at the point of common coupling (PCC), simulating a fault in the utility distribution grid.
The model has been implemented in co-simulation with Simulink/MATLAB and Psim. The environment and the results are shown in the figures below, from Fig 5 to Fig. 8 . For the sake of clarity, only one phase of the currents and voltages are shown, although all the simulations had been implemented in three phase systems. The simulation parameters used are given in Table I . 
A. Main Grid Disconnection
In Fig 5 and Fig 6. a stable grid-connected mode is observed until the line failure is applied. In a voltage line of 230 V rms , at PCC a suddenly reduction of 95% is done. Subsequent to the islanding event and upon its detection, the switch S i is opened and grid-forming control is activated. In Fig. 5 the voltage waveforms that are produced by this fault, v AN , are shown.
The implemented control system includes a voltage normative range detection system, thus when the voltage is out of range the main switch S i is opened and the ICA acts as a grid-forming element, where the frequency and amplitude set point is taken from the values of the voltage detected before the fault.
When a fault occurs, the voltage measurement in the PLL is cancelled and  remains constant to  ref , which is finally used to obtain . In grid-connected mode the block "sample & hold" give at the output the same input value, but under a grid fault gives the last value acquired in the grid-connected mode. The results obtained from simulation are presented The Fig. 6 shows the phase voltage in the ac bus of the microgrid, v aN during the fault: It can be noticed in the figure that the ac microgrid could be maintained without a significant disturbance of the voltage at the load's windings. In Fig. 7 the current in solid line represents the current injected by the VSI during the transient and the dashed line represents the current absorbed by the load.
Finally, in Fig. 8 , the three phase voltages and currents generated at the output of the voltage source inverter are represented. From this figure it can be clearly seen that while the main network was available the current injected by the dcac inverter was null. On the other hand, when there is a contingency in the network the system switch to island mode, starting hence to feed the loads at the ac bus.
As discussed above the control loops are implemented in the d-q reference frame, in order to implement both PI controllers. These give us the dynamic desired with enough precision. In Fig. 9 the d-q values of the sensed voltage are shown. The objective, during and after the fault, is to maintain the initial levels or, in other words, provide in the island mode the nominal voltage and frequency value in phase with the voltage detected before the fault. The quadrature component is zero at all times, because it works with the voltage and current in phase in all moment. The transient in the v d * is due to its generation procedure. As it can be seen in Fig. 3 the reference voltage is formed with the voltage across the L F , function of the load current. So, a change in the load current produces a transient in the reference voltage. It can be observed that the measured values follow its reference values.
In Fig. 10 the direct and quadrature components are presented. In grid-connected mode both values are zero. In this mode all the power will be injected by the main grid. When the fault is detected, the transient starts. The steadystage is achieved again in two cycles. In island mode, with no other source of energy, all power will be injected by the voltage source inverter. This will be regulated in order to maintain the ac bus voltage among the established levels. These figures show a good performance and a fast dynamic response of the ICA. As it can be concluded from Fig. 9 as in Fig. 10 a low-pass filter can be added to remove switching noise.
V. CONCLUSION
This paper proposes a control strategy of a voltage source inverter to operate as a microgrid intelligent connection agent to form a secure ac bus. The proposed agent has been programmed to control the disconnection or reconnection to the main electrical grid, giving rise to excellent results.
The simulations results, obtained under co-simulation with MATLAB/simulink and Psim, had shown the good performance and a fast dynamics of the proposed system. Also, in grid-connected mode the proposed controller is capable to follow the voltage grid, in amplitude, frequency and phase. In islanding mode, the ICA presents a good regulation feeding the loads with a specific voltage, frequency and phase.
In the transition from a grid-connected mode to an islanded one, a good regulation and a fast dynamic is observed to maintain the setup voltage levels.
